7.1
72
73
74

SECTION 7
EXAMPLE OF SYSTEMS CONTROL
THROUGH INSTRUMENTATION
CONTENTS
General . . . . L. L e e e e e e e e e
Description of Project Problem . . . . . . . . . ..o ...

Project Requirements . . . . . . . . . . . ... L. ..o
Comments . . . . . . . . . ..l e e e e e e e e e e e e .

121

124



7.1 General

The following example of total system control of
a hypothetical combined scwer system through the
use of instrumentation, automation, and data control
devices, has been developed to provide a practical
demonstration of the application methodology
required for its implementation. The intent of the
section is to examine how an effective control system
may be devcloped,

7.2 Description of Project Problem
CENTROPOLIS
PROJECT NO. 5468
CONTRACT 13
REGULATING STATION NO. 5

General This will be located near Eight-Mile creck at
approximately Station 28400 on the Eight-Mile
interceptor just west of the west right-of-way line of
Highway 6 oul of Worden. Ground clevation is
approximately 885. The City has entered into a
conlract with the adjacent Minneola Sanifary District
to divert part of the combined sewage from this
interceptor to a new systern which will allow the
postponement of treatment planl expansion for
several years. The structure will be similar in
appearance to Station No. 2 for Appenouse which
was completed this spring. A downstream regulated
weir will be part of another contract.
Head Conditions Maximum hydraulic gradient at the
regulating station influent will be EL. 870. Minimum
gradient is assumed to be El, 845, Minimum gradient
of the connection to the Minneola intercepior will be
El. 820 and maximum gradient may approach El.
B62.
Flow Limitations The present contract limits the
maximum rate of diversion under any condition to
500 gpm. In addition, the maximum rate of diversion
from 3:00 p.m. to 9:00 p.m. on any day when the
temperature is 90°F or higher is limited to the
average hourly diversion ratc during the 24 hour
period ending at 9:00 a.m. on such date,
FEquipment The station will contain the following
nrajor items of equipment:

I. One throttling gate. This gatc normally shall

remain fully open for gravity flows up to the

amounts limited by the contract. For higher

flows the pgate shall then be automatically

throttled to maintain the flow within the

contracted amounts,
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2. One mechanically operated check pate to
automatically prevent backflow through the
check gate. This will require no control or
electric equipment.
3. Two 125-horsepower variable speed pumping
units, each sized to deliver up to the conlracted
maximum quantity under any imposed head
condition. Fither pumping unit may be selected
as the lead pump with the other serving
automatically as a standby pump if the lead
purnp fails, Pumps shall always start at a
minimum speed.
4. Each variable speed pump will have a
discharge valve of u particularly low allowable
working pressure. It will, therefore, be necessary
to design the control to prevenl a differcntial
pressurc across the valve in excess of 10 psi,
5. Influent level shall be measured at Station
43+00, approximately 7500 feet upstream from
the diversion regulating station. Control ghall be
such that al a certain adjustable low level the
regulating station will shut down to prevent any
diversion from the Eight-Mile interceptor.
6. The regulation station effluent flow shall be
metercd and used for feed-back 1o the control.
The control and instrument designer shail
investigate and detcrmine the type of metering.
The effluent conduit will be 36-inch concrete
pipe.
7. The Minneola Sewer District plant influent
screen chamber wet well level shall be measured
and telemectered to the regulating station. At an
adjustable plant influent high level, the repulating
station shall be shut down.
8. Provision shall be made for two incoming
480-volt, 3-phase, 060-hp. services. Only one
service is to be installed originally with space for
the second service in the future.
9. Gate and valve operators shall be electric or
pneumatic with independent opening and closing
speed adjustments,
10. Pumps, motors and controls shall be housed
indoors, separated from sewers. The building
shall be force-ventilated.
Sequence Of Operation The station controls shall be
such that the fiow diverted from the Centropolis
Eight-Mile interceptor wil! be maintained at a
set-point rate, adjustable between 200 ppm and
1200 gpm. The sequence should be such that first the



throitling gate opens slowly when Eight-Mile
interceptor reaches Elevation 1.5 at level measuring
Station 43+00. If the hydraulic conditions are such
that set-point flow can be maintained by pravity, the
throttling gate shail be ‘automatically positioned
to elfectively operate as a rate-controller. As the level
rises and set-point is maintained by the gate no
pumping is required.

If the hydraulic conditions are such that the
throttling gate is open, the level remains above 0.5
feet at the level measuring station, and the diverted
{low is less than set-point quantity, the lead pumping
unit should start at minimum speed and rise in speed
siowly to deliver set-point flow. In this case the
pumping unjt shall continually vary in speed to
effectively operate as a rate-controller. The pumping
unit discharge valve should not commence to open,
however, until the pump discharge pressure is greater
than the station discharge pressure. During the
sequence of putting the pumping unit on line, the
speed also should be such as to limit the differential
pressure across the pump discharge valve 1o a
maximum of 10 psi. 1t may be decided not to start
the lead pump until the level reaches approximately
2.0 feet at Station 43+00. If, due {o malfunction, the
lead pump should fail to start, the standby pump
shouid be started in a similar pump and discharge
valve control sequence whenever the Eight-Mile
interceptor level rises to Elevation 2,25, In this case
the standby pump is to cifectively operate as a rate
controller to maintain set-point diversion
rate-of-flow. The two pumps shall never operate in
paraliel.

Pumping, once commenced, shall be maintained
until the Eight-Mile interceptor fevel falls to 1.0 foot,
in which case the .pump specd shall be reduced to
minimum, the discharge valve slowly closed, and
finaily, the pumping unit stopped.

High waler level at the Minneola Sewer District
Plant No. 1 shall override all controls and shut down
the regulating station by stopping the pumps and
closing the throttling gate,

In case of power failure, an over-riding control
shall slowly close the throttling gate and pump
discharge valves.

Arrangements shall be made for the future
manitoring of station equipment status and alatm
conditions at the proposed Qperations Control Center
whenever it is designed.

Miseellaneous During the first years of operation it is
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anticipated that the required quantity of diverted
flow by gravity through the regulating station will
sometimes, under certain hydraulic conditions, not be
of sufficient quantity to fill the interconnecting
conduit during normal contracted flow rate.
Therefore the flow meter must not be of a design
requiring a filled pipe., Flushing water will not be
available for several years.

The final sclection of the throttling gate and
check gate has not yet been determined.

The plans and specifications must be completed
in early June to be eligible for appropriations
approved for this projeci. Plans and specifications are
80 pereent complete. Rather than delay the project,
certain detailed fcatures of equipment may have to be
modificd and covered by change order after award of
contract.

7.3 Project Requirements

This is a common situation. The project must
meel a certain deadline. The problem is defined. The
solution is somewhat hazy, however, depending upon
the ingennity of the control and instrumentaiion
designer together with those of each of- the other
disciplines involved.

At this point the designer will begin to conceive
the parts and their relationship to the whole. These
parts or subsystems will be reduced to functional
black diagrams and schematics. These subsystems will
then be put into greater systems until all are
combined into one system,

It 15 not feasible or practicable in many cases to
wait until all of the necessary delails anc resolved
before proceeding with the scheme of control. In this
casc, it is recognized that some suitable means for
metering flow must be determined, and that this may
be 2 real hurdie but for the purpose aof starting the
control schematic this js assumed possible and the
development of the scheme is 1aken from the point of
a metering signal representing fiow. The control
designer can make other assumptions 100, such as the
means of varying the speed of the pumps. In this case
it can be assumed that some type of slip coupling can
be used for speed rcgulation; then, if some other
means of variable speed drive is selected the control
scheme can be modified to conform to that particular
drive circuitry.

It may be, as in this case, that the throttling valve
and check pate may not be definitely determined as
to type, manufacturer, etc.; however, the control
designer must assume that such equipment will be



found and that it can be driven by standard type
operators. Again, the control designer may have some
misgivings regarding the hydraulics, as defined in the
memorandum; however, he must proceed upon the
assumption that such information is rcasonably
correct or will be corrected. It also must be assumed
that suitable means of communications links, such as
fcased ielephone lines will be made available, the
detsils of which can be uscertained later, All of this is
simply 1o show that the instrumentation and control
scheme can be commenced early in design stage, as it
cerlainly should be, since its development points out
more clearly all of the special requirements of the
system equipment.

The control designer will choose from his past
experience whether to use as a basic control media
prneumalic, hydraulic, or electric devices, or perhaps a
combination of such instruments. In this particular
case. he chiooses (o use both pneumatic and electric
systems with some hydraulic devices for timing
control.

For those who arc interested in examination of
yet morte detail that must be conceived, an example
of the functional block diagrams and schematics for
this hypothetical project is shown in the following
figures together with a writien description of the
actual performance of each particular element
cmployed.

The block chart is a typical exercise in the logic
that must be conceived and employed in the design
development of a control scheme. The diagram is
used to describe the instrumentation, whereas
schematics are used to describe the electrical circuits.
By reference to these diagrams while reading the
foliowing steps, one can follow the design logic used.
No two designers wounld necessarily arrive at the same
means of solution. For example, wherzas this solution
has used a considcrable number of pneumatic control
devices, the problem could be solved using almost all
clectric and clectronic equipment.

It has been assumed that the station would best
be designed to function automaltically with Jocal
controls, then to superimpose the necessary remote
control featurcs after this local automatic mode of
control is fully explored and developed. This is
reasonable since the station must be constructed to
be operable locally for such contingencies as loss of
remote control facilities, or even Lo be operated prior
to the construction of the Central Operations Center.
Details, such as time of day that certain rates might
be allowed are aiso disregarded at this stage of the
design, since they too can be assumed to be
superimposed on the basic scheme.

The following describes the step-by-step features
for both the local-automatic and the local-manual
conirol modes:

Automaltic Control

1. The LBight-Mile interceptor waste water level,

measured over a five-foot control range for

control accuracy only regardiess of overall depth,

is telemetcred from the measuring station 1o a

telemetering receiver at the repgniating station.

The telemetering receiver is equipped with

adjustable conlacts for control circuit switches,

as follows:
EM-1 Normally open contact, closes on
rising level at 0.5 feet and remains closed
above. This coniact prevents pumping when
the interceptor level is beiow 0.5-feel.
EM-2 Normally open contact, closes on
dsing level at 1.0-foot and remains closed
above. This contact prevents pumping when
the intetrceptor level is below !.0-foot.
EM-3 Normally open contact, closes on
dsing level at 1.5-feet and remains closed
above. This contact prevents the regulating
station beginning operation until the
interceptor level rises to 1.5-feet.
EM-4 Normally open contact, closes on
rising level at 2.0-fect and remains closed
above. This contacl prevents the begiuning of
any pumping to commence until the level
rises to 2.0-fect.
EM-3 Normally open contaci, closes on
rising level at 2.25-fect and remains closed
above. This contact prevents any standby
pumping to commence until the level rises to
2.25-feet.
EM-6 Normally closed contact, open on
rising level 2t 0.05-feet and remains open
above, This contact can be used for
monitoring and alarm of the level measuring
equipment by sensing an essentially zero
level measurement.

2. The Minneola scwage treatment plant
influent wet well level is mecasured and
telemetered to the regulating station. The
regulating station is not to operate during the
time that this plant is over-loaded. Contacts are
thercfore provided in the plant level telemetering
receiver for use in the control circuits. Only one
contact, STP 1, which is nomally closed and
opens on rising level at some high level setiing is
required.

3. A rige in waste water level on Eight-Mile

interceptor to 1.5-feet closes receiver contact
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EM-3, which is in series with the Minneola plant
level receiver contact STPJd, to complele a
control circuit through relay R2 to energize relay
R2.

4, When relay R2 is picked up (encrgized) it
seals itself in through one of its own contacts R2
so that it will remain energized until power to the
relay is interrupted by either a fall in the
intercepter level to 0.5 feet causing the level
contact EM-1 to open or high level at the plont to
cause contact STP-1 to apen. [t should be noted
that relay R2 has a number of contacts which
will be called upon ia perform various functions
and that relay R2 will acl as sort of a master
switch for placing the stalion into service and for
taking it out of service.

5. One of the relay R2 contacts will closs when
the relay is energized 1o energize solenoid valve
“A” that connects the station rate setter output
sipnal 10 ratc controller No. 3 which in tum
controls the position of the throttling gate
allowing flow by gravity through the station ata
controlled or regulated rate as required by the
rate seiter. Relay R2 contacts also partially
cnable circuits, that is they help to sct up
circuits, for solenoid valves 1A, 1B, 2A and 2B,
on pumping units No. | and No. 2 respectively,
should their operation become required.

6. The throttling gate, the flowmeter and the
controller function- as a rate controfler under this
condition to maintain the set-point flow rate as
determined by the rate setter. The rate seiter
develops an output signal representing the desired
rate of flow. Coniroller No. 3 reccives this signal
as its input and compares it with the feedback
signal which represents actual flow. The output
of controller No. 3 automatically varies as
required to position the throttling gate to that
position necessary to establish an actual flow
signal equal to the sel-point signal. Under this
condition the actual fl w is equal to the desired
or set point flow. This is referred to us closed
control loop with feedback.

7. 1f the Eight-Mile interceptor level falls toa
level below 0.5 feet, relay R2 is de-cnergized,
switching the controller input set-point signal line
to exhaust (zero flow signal) causing the
throttling gate to close to satisfy the zero flow
signal, This, in effect, shuts down the station,
after il normally has functioned by gravity flow
for a period, without having entered a pumping
stage.

8. If the desired (sct-point) flow camnot be
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maintained by gravity flow through the throttling
gaie, the pate obviously will have reached the
fully open position, since it is positioned to try
to satisfy controller No. 3. In this situation the
diveried flow signal pressure will be less than the
rate setfer (set-point} signal pressure. By sensing
the occurrence of ihis condition, the sensor can
be used to initiate pumping. This sensor is
differential pressure switch “A™.

9. Differential pressure switch *A" shall be set
to close a switch contact whenever the rate setter
output signal exceeds the flow transmitter output
signal by approximately 1.0 psi.

10. The switch cortact of differential pressure
switch “A” connected in series with a throttling
gate limit switch, which closes only when the
gate is fully open, energizes the time delay relay
TD2. This time delay relay is 1o prevent starting
of a pump unless this condition l!asts for a
rcasonable periad.

1. The time delay relay TD2 is adjustable from
0.2 to 3 minutes. If the throttling gate is open
and the rate of flow through the regulating
station is less than the desired (set-point) rate for
a period equal to the time delay relay setting
(one minute, for cxample), the time delay relay
contact TD2 closes to pick up relay R3.

12. Relay contacts R3 close to complete the
starting circuits of both pumps. It will not
complete the starting circuit on the pump
selected as *‘standby™; however, it will complete
the starting circuit for the pump selected as
*lead™ provided there is sufficient suction level
and that the second pumping unit is not running
{a condition which could occur, for example, if it
has been started under manual control), These
conditions are imposed on the starter circuits by
the series connection of contacts R1 and M2 in
Pump No. I and contacts R1 and M1 in Punip
No. 2.

13. To insure thatl sufficient water level on the
influent 1o the regulating station cxists for
pumping, a level switch installed on the suction
piping closes its switch contact at a measured
watcr depth of 3-feet and above. This switch
energizes time delay relay TD1.

14. The time delay relay TDI is adjustable from
0.2 to 3 minutes. This relay, when enecrgized
closes ils contact TD1 instantaneously but when
de-cnergized the contact will delay opening for a
period equal to the time delay relay sctting {onc
minute, for cxample). Thus, loss of influent
waler level must be sustained for a reasonable



period Lo cause the time delay relay TD1 contact
to open. This prevents stopping the pump upon a
transient fall in water level during pump starting
that is not sustained after pumping is
commenced,

I5. Time delay relay TDI contact closes to pick
up relay R1.

16. Relay RI conlacts energize each pump
starting circuil, discharge valve conirol circuit,
circuits to control the pump speed. These
contacts are uscd in such a manner that, if a
pump is.wunning, loss of water level on the
suction for a definite period de-energizes relay
Rl, causing the pump to reducc speed to
minimum, the pump discharge valves 1o close,
and the pump motor to stop.

17. Thus with sufficient suction water level
available, closure of rcluy R3 contacts as stated
above, sturts the “lead” pump.

18. The pump starts at minimum speed. The
set-point signal pressure to the pump speed
controller is connccted to exhaust (minimum
speed signal) through solenold “B”. Note at this
point that solenoid *“B” is still de-energized.

19. When the motor siarts, ils motor statier
holding coil (M} or M2) is sealed by respeclive
-auxiliary (M1 or M2) starter contacts (M1 or M2)
in series with a “Stop” push-button contact and a
knee action limit switch on the pump discharge
valve, thus climinaling any further cffect of time
delay relay TD?2 and relay R3.

20. The closure of either pump motor starier
auxiliary contact (M1 or M2} picks up solenoid
“B”, which switches the pneumatic set-point
signal of the spced controllers (No. 1 and No. 2)
from exhaust pressure (zero flow signal) to the
rate seiter signal pressurc. This forces the
pumping unit always to start from minimum
speed.

21. The pump discharge valve is not to open
until the developed pumping head cxceeds any
possible station discharge pressute by 5 psi.
Differential pressure switches “IA” and “2A” on
pumps No. 1 and No. 2, respectively, closc their
contacts as soon as the pump pressure exceeds
the station discharge pressure by 5 psi.

22. Closure of the differential pressure switch
contacts (1A or 2A) completes the control citcuit
through time delay relay TDS contact, the
automatic position of the pump
“Manual —-Off—Auto™ switch, relay contact R2,
relay contact R1, and the respectivc motor
starter auxiliary switches (M1 or M2) to the

pump discharge valve (V1 or V2) control
solenoid (1A or 2A) and relay (RS or R6) on
pump No. 1 or No.2, respectively, to initiale
discharge valve opening.

23. When the pump discharge valve control
solenoid (1A or 1B) becomes energized, it is
immediately sealed by its associated relay (R5 or
R6) contact so that the pump discharge valve
continues to travel to the fully open position.

24. Also, during the starting and stopping of a
pumping unit, the pump speed never is allowed
to cause a differential pressure across the
discharge valve in excess of 10 psi. To sense this
vondition, differential pressure switch (1B or 2B)
across valve (V1 or V2) on pump No. 1 or No. 2;
respectively, closes its contact when the
developed pump pressure excecds the station
discharge pressure by 10 psi. .

25. Closure of the differential pressure switch
(1B or 2B) encrgizes solenoid (IB or 2B),
respectively, which switches the pneumatic
control signal to the positioner on the pump
speed potentiometer to exhaust (zero speed)
pressure, causing the positioner to start to
operate in the direction of speed reduction. As
specd is rveduced to the point where the
differential across the valve is within 10 psi, the
solencid (1B or 2B) is de-energized, thus
connecting the controlier output back to the
positioner for continuation of speed control.

26. When ihe pump discharge valve is completely
open, the variable speed pump together with the
flowmeter and pneuwinatic controller associated
with that pump then function as a closed control
loop to regulate flow at the desired rate setting.
27. If the lead pump should fail to starl and the
Eight-Mile interceptor level rises to 2.0 feet, time
delay relay TD3, which is adjustable from 0.2 to
3 minuies, will pick up relay R4 if this condition
persists for a period cquivalent to the relay time
setling (one minute, for example).

28. Relay 4 contacts would then closc to start
the standby pump. The starting sequence of the
standby pump would be as described above for
starting of the lead pump. Note, however, that
the standby pump will not start if the lead pump
is running because of the interlocking starter
avxiliaty switches (M1 or M2).

29. As the hydraulic conditions vary, the variable
speed pump may go to full speed if nccessary to
try to maintain the rate-set flow.

30. Also as the hydraulic conditions vary, the
variable speed pump may reduce speed to a



minimum, yet the flow through the station might
then excced the rate-set (set-point) flow. When
this condition develops, the station obviously
could perform by gravity, without the pumping
utits. In this case the flow transmitter output
signal pressure will exceed the rate setter output
signal pressure. This condition is scnsed by
differential pressurc switch “B” which closes its
switch contact whenever the flow transmitter
signal exceeds the rate sctter signal by one psi.

3l. Differential pressure switch “B” contact then
closes to energize time delay relay TD4, which
must be energized for a period (adjustable from
0.2 to 3 minutes) before its contact closes; hence,
station flow greater than the required set-point
flow for one minute, for example, will cause
refay TD4 contact to close to pick up time delay
relay TDS.

32. Time delay relay TD3 jis one which has
contacts that open immediately when energized
and remain open after being de-energized for an
adjustable period of 0.2 to 3 minutes.

33. The nommally closed time delay relay TDS
contacts wiil then open to de-energize the control
solenoid (1A or 2A) which causes the pump
discharge valve (VI or V2) to close. The purpose
for the delay of the TDS5 contacts is to allow
sufficient time for the pump discharge valve to
fully clese. This refay should be sct for a delay
period slightly -greater than the time it takes for
the discharge valve to close.

34, As the discharge valve closes, the differential
switch (1B or 2B} will prevent speed increase to
occur to the paint where the differential across
the valve exceeds 10 psi, as explained previously,
should the flow through the station fall below
the set-point flow thus causing the pump speed
controller to iry to causc an increasc of pump
speed.

35. As the pump discharge valve closes the pump
bypass check gate will commence to open to
allow flow through the throttling gate by gravity.
36. As the pump discharge valve moves in its
closing direction a knec action limit switch
mounted on the valve will momentarily open the
holding circuit of the motor starter as the
discharge valve passes its 95 percent closed
position, to stop the pump motor. The knee
action switch on the valve is adjustable from 90
percent to 97 percent port closure. (The knee
action limit switch on the discharge valve is
nonnally closed and stays closed while the valve
opens and during valve closure with the

exception of opening momentarily during the
closing stroke at approximately the position of 5
percent valve port opening,
37. As soon as the motor starter is de-energized
auxiliary motor starter contact (M1 or M2) opens
to de-energize solenoid “B™ which disconnects
the rate setter signal from the pump speed
controllers, causing the set-point signal pressure
to the pump speed controlers (No. i and Na. 2)
to drop to cxhaust pressure (zero speed signal
pressure). This in turn causes the pump speed
contro] potentiometers to be returncd to zero
speed position.
38. Controller No. 3 is then in control of the rate
of flow through the throttling gate, acting again
as a rate control systern for gravity flow through
the station.
39, The station then automatically returns to
pumnping if required or continually regulates flow
.through the throttling gate or, if the Eight-Mile
interceptor water level falls to below 0.5 feet a
contact in the Eight-Mile level receiver will open
to break the sealin circuit on relay R2, thus
de-energizing relay R2,
40. When relay R2 is de-energized, the solenoid
“A” in the station rate setter output signal line is
de-energized, which switches the set-point signal
line to the flow control system to exhaust, {or
zero signal pressure} causing the throttling gate to
close, thus shutting down the station.
4]. Anytime during operation, if the Minneola
Treatment Plant wet well level becomes too high,
telemetering level receiver contact STP-1 opens
to de-energize relay R2 to shut down the
regulating station.
Manugl Control
Manual control is provided mainly for checking
the individual station components and for control
whenever the Eight-Mile interceptor level
telemetering receiver controller is out of service,
1. Under gravity flow conditions, the throttling
gate may be throttied to any desired position and
stopped and held in that position by meansg of
the four-position *“Automatic-Open-Stop-Close™
manually operated preumatic selector swiich. In
this case an attendant is required at the station o
maintain the flow within the prescribed limits by
watching the flowmeter. (Any time that the
station is on automatic rate control this selecter
switch must be in the *Autlomatic™ position.)
This manual means of control is not necessary for
local control of the station if pneumatic
controller No. 3 is operative, since the controller
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also can be switched to a manual loading station
or set-point signal on the controlier.

2. Under gravity flow conditions, if controller
No. 3 is operative, the attendant may switch this
coniroller from “Automatic” o “Manual” and
adjust the controller output to obtain the desired
flow.

3. If pumping is required, the attendant must
switch the pump motor starter controls from
“Automatic” to “Manual”, and switch the pump
speed control to a manually operated speed
control potentiometer. (The speed conirol
potentiometer should be set at its minimum
speed pasition before starling the pump.)

4, The pumping unit is started by depressing
tire “Start” push-button. This closes the pump
starter circuit and also staris the slip coupling to
operate at the speed determined by the setting of
the mamually operated speed control potentiometer
5. The pump starter seals itself through its
auxiliary contact (M1 or MZ), the *“Stop”
push-button parallel with the valve limit switches,
(V1 or V2), and the knec action switches (V1 or
V2). (The purpose of parallel limit switches V1
or V2 is to permit stopping the pump motor if,
for some reason, the discharge valve fails to open
during the initial starting period.}

6. When the pump motor starts, the pump
speed must be ‘increased slowly uniil the pump
discharge pressurc is,5 psi above the station
discharge pressure, to cause the pump discharge
valve to commence to open. The differential
pressure switch (1A or 2A) senses the 5 psi
differential and cnergizes the pump discharge
valve control solenoid (1A or 2A) and relay (R5
or R6) to seal the control solenoid circuit to
drive the discharge valve fully open.

7. The attendant must raise the specd of the
pumping unit graduglly during the pump
discharge valve opening cycle to prevent the
development of greater than a 10 psi differential
across the discharge valve,

8. If the pressure across the discharge valve
exceeds 10 psi, the relay (R7 or R8) will pick up
and sound an glarm. (This will notify the
attendant to reducc or at least not to increase
speed until the vaive opens farther.)

9. When the discharge valve is fully open, the
speed of the pumping unit is manually controlled
to maintain the flow of the station at the
required stage by watching the flowmeter and
adjusting the manual speed control
potentiometer accordingly.
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10. The pumping unit is shut down by depressing

the “Stop” push-bution.

11. As the valve begins Lo close the speed should

be reduced to maintain less than 5 psi differential

across the valve,

12. When the valve is 97 pcrcent closed, the

pump motor will stop.
Alarms and Instruments for
Future Operations Control Center.

1. If relay R4, which actuates the standby
pump, is energized and neither pump is running,
the time delay relay TD6 is energized.
2. If relay R9, which indicates that the station
flow cxceeds set-point flow, is energized, the
time delay relay TDG is encrgized.
3. Time delay relay TD6, when encrgized for an
adjustable period of 0.2 to 3 minutes, will close
its contact to trapsmit an alarm tone via leased
telephone line to the Operations Control Center.
4, The diverted flow rate is telemetered to the
Operations Control Center. The recording
receiver has an alarm contact which closes if the
flow exceeds the contracted allowable limit.
5. As noted on the block diagram, it is planned
that emote rate setting equipment will be
installed in the future. Obviously when this is
done a transfer switch “Local-Remote™ should be
installed to allow the use of either the original
local rate setter or the temote rate setter.

The next step is to simplify the system as much
as possible. This particular probiem is an example of
just how complex a system might become by
seemingly relatively simple conditions exisling when
detemmining the design requirements. Limiling the
working pressure across the discharge valves, for
example, has introduced a number of controls,
whereas, the selection of a different type of valve
might have significantly simplified the control
scheme. As the design progresses, it behooves the
persons in each professional discipline involved to be
aware of the complications they may be introducing
by their particular design or sclection of equipment
and to attempt fo simplify the control requirements.

Once the system has been simplified and
established the scaling or calibration of the devices is
necessary. This will involve the selection of the most
suitable ranges for measurcment with respect to
control performance. In some cases separate metering
for control is advisable, such as the measurement of
water level. In this instance, one measurement is
advisable for metering of zero to maximum level;
another for level measurement of the narrow band
over which control is to be exercised.



Another jtem that must be considered is use of
“live” or ‘‘dead’ zero output signals from
instruments, as with time-impulse telemetering
equipment. Arguments can be presented for both;
but, for a particular application one will be more
suitable than the other,

The’ designer must be concerned with accuracy,
reliability, and maintenance requirements; must
provide for clean, dry air for pneumatic systems as
well as for voltage regulated within prescribed limits,
for electrical circuits, together with over-voltage
protective devices.

Although nothing has been mentioned herein
regarding the telephone lines or communication
facilities, it must be emphasized that regardless of the
degree of excellence of the control system or
equipment, the success or failure of the system will
depend upon the quality and reliability of the
communication facilities.

7.4 Comments
The customer must be extremely careful about

what is required from the control and instrument
designer. Almost any system control problem can be
solved but the cost of implementation and operation
must not outweigh the bencfits to the total system.

In the development of an Operation Control
Center, the approach is somewhat similiar to that
mentioned herein for the design of a single station
control scheme. Here the complete picture may be
represented again in block diagram form with each
block representing a 'certain controlled station,
telephone exchange, and control center, with the
interconnecting lines representing the
communications.channels. The degree of success will
depend almost entirely uwpon the extent of
understanding that each and every onc has about the
whole system and -all of its component parts. This
must include management, all of the professional
services involved in desipn, equipment suppliers,
contractor, and tefcphone and power utility
personnel.
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